In the dysrhythmias shown in our figure 1, two appeared before ST-segment elevation reached its acme and therefore were classified as representing an occlusive type of dysrhythmia. Some of the electrical abnormalities produced during the occlusive phase (i.e., progressive delay of subepicardial activation),7 are maintained during early phase immediately after coronary reperfusion. These may be an important factor explaining the persistence of dysrhythmias after coronary flow resumes.7
Exercise Capacity in Patients with LV Dysfunction
To the Editor:
The conclusion of Drs. Benge et al. that exercise capacity is normal in many patients with severe left ventricular dysfunction (Circulation 61: 955, 1980) depends on the definition of a "normal" exercise capacity. The authors define this as an exercise duration of greater than 11 minutes, based on a reference to Bruce et al.' Their subjects, however, performed a Sheffield protocol, with two 3minute stages preceding stage I of the Bruce test. Six of the 11 minutes of their protocol were thus occupied by stages 0 and 1/2 of the Sheffield protocol. This is equivalent to 5 mninutes of a Bruce protocol, which is definitely not normal. Even their best subjects exercised for only 15 minutes, equivalent to 9 minutes on the Bruce protocol. The duration of exercise by itself need not correlate with exercise capacity. A constant, very light exercise can obviously be endured for a long time even in patients with reduced cardiovascular capacities. Bruce used the duration of exercise because it correlated well in his test with the maximum oxygen uptake (VO2),' an objective and accepted measure of the exercise capacity.2 Some simple calculations based on the Fick equation indicate internal inconsistencies in this paper. If the maximum V02 is 34 ml/min-kg, the normal value Bruce gives for a sedentary male greater than 45 years old, and the maximum arteriovenous difference is 160 ml/l, the cardiac output would be 13.6 1/min. If the maximum heart rate were 170 beats/min, which is higher than the mean of 134 beats/min quoted for these subjects, the minimum stroke volume would be 80 ml/beat. If the ejection fraction for the subject exercising 15 minutes were truly 7%, as shown in figure 3 of Benge's paper, the end-diastolic volume would be 1140 ml. Even an estimate of V02 two standard deviations below the predicted value yields an end diastolic volume in excess of 600 ml. Two factors may account for this absurd calculated end-diastolic volume: (1) the duration of exercise overestimates the max-VO,, especially if subjects leaned on the rail during the test;3 (2) the ejection fractions of 7% and 14% in the subjects who exercised for 15 minutes mast be underestimated, especially because we are told that the cardiothoracic ratio was 0.46 in the patient with an ejection fraction of 14%.
Another problem with this study is semantic and concerns the definition of "severe" left ventricular dysfunction. VO2 correlates well with cardiac output,' so subjects who exercise for 12-15 minutes must have obtained at least a mnoderate level of V02, and thus at least a moderate cardiac output. Despite a low ejection fraction, can this really be called "severe" left ventricular dysfunction?
Finally, exercise capacity defined in terms of miaxlVYO can sonmetimes appear to be normal in subjects with considerably decreased myocardial function because they may have started with a very high capacity. Thus, an athlete who once had a max VO2 of 60 ml/kg/min could lose 50% of his peak cardiac output and his max-VO, would be 30 ml/kg/minstill within normal range. A simple history will identify such subjects.
In conclusion, we feel that Benge's paper has failed to document a "normal" exercise capacity in patients with "severe" left ventricular dysfunction, but rather simply demonstrates that radionuclide ejection fractions are a poor predictor of the peak cardiac output and exercise capacity. SlHELLDON (1) What is normal exercise capacity? Bruce reported that the duration of exercise with the Bruce protocol for 117 normal subjects (mean age 51 years) varied from 4-15 minutes.' The median value was 9 nminutes. Four minutes of exercise using the Bruce protocol is equivalent to 10 minutes of exercise with the Sheffield protocol.2 Since about half of our patients with left ventricular ejection fractions less than 30% could exercise 11 minutes or longer (Sheffield protocol), their exercise capacity was within the normal range established by Bruce.' It is important, however, to emphasize a point that we made concerning these normal values. We stated "normnal exercise capacity in untrained individuals as established by Bruce' is a relatively low level of oxygen consumption compared with the maximal oxygen consumption reached among trained athletes."3
(2) Simple calculations by Drs. Magder and Hung indicate "internal inconsistencies" within our data.
One should hesitate to base substantive criticism on simple calculations. Rather than use estimated values to derive cardiac output and stroke volumes, we recently made direct measurements of hemodynamics and oxygen consumption in six patients with left VOL 62, No 6, DECEMBER 1980 ventricular dysfunction (left ventricular ejection fraction 17 ± 2%) and normal exercise tolerance (average exercise duration using the Sheffield protocol of 13.3 ± 0.6 minutes). Durirng two-thirds maximal upright exercise in these patients, cardiac output increased from 5.5 ± 0.6 to 11.8 ± 1.2 1/min, stroke volume increased from 59 ± 6 to 90 ± 5 ml, heart rate increased from 80 ± 5 to 130 ± 11 beats/min, peripheral vascular resistance decreased from 1609 ± 207 to 783 ± 141 dyn/sec/cm-5, pulmonary arterial saturation decreased from 55 i 5 to 36 ± 3% and oxygen consumption increased from 3.7 ± 3 to 15.6 ± 1.4 ml/kg/min. These direct measurements indicate that one need not invoke "internal inconsistencies" to account for our observation that patients with severely impaired left ventricular function can achieve normal levels of exercise. Various compensatory mechanisms permit some patients with severe left ventricular dysfunction to achieve normal levels of exercise.
(3) Despite the low left ventricular ejection fraction of the patients reported by Benge et al.,4 can this really be called "severe left ventricular dysfunction?"
Considerable data suggest that left ventricular ejection fraction is a valid index of left ventricular performance. First, the left ventricular ejection fraction compares favorably with other indices of left ventricular performance such as Vmax, end-diastolic pressure, left ventricular contraction pattern and the velocity of contractile element shortening.' Second, we have recently measured pulmonary wedge pressure during exercise in six patients similar to those reported by Benge (see above). Pulmonary wedge pressure increased from 15 ± 4 to 33 ± 3 mm Hg at two-thirds maximal supine exercise. Third, various studies have emphasized the prognostic significance of left ventricular ejection fraction in patients with coronary artery and valvular heart disease.6 In our view, patients with a left ventricular ejection fraction of less than 30% and a pulmonary wedge pressure during supine exercise of 33 mm Hg have severe left ventricular dysfunction.
(4) The radionuclide ejection fraction is a poor predictor of peak cardiac output.
We agree that radionuclide ejection fractions do rnot correlate with direct measurements of peak cardiac output or exercise capacity. This is the obvious point of the paper. Cardiac output is affected by variables other than left ventricular contractility, such as heart rate, end-diastolic volume and peripheral vascular resistance, so it is not surprising that some patients with severe left ventricular dysfunction can substantially increase their cardiac output during exercise.
In conclusion, our previous study4 and subsequent studies in our laboratory7 indicate that some patients with severe left ventricular dysfunction do have normal or near-normal exercise capacity.
These studies underline the importance of assessing left ventricular function directly rather than trying to predict left ventricular function on the basis of the patient's symptoms, exercise capacity or chest x-ray findings.
Electrical Safety Standards for Electrocardiographic Apparatus
The authors of the recent editorial on electrical safety standards for electrocardiographic apparatus' recommend that the American National Standards Institute (ANSI) Safe Current Limits for Electromedical Apparatus (SCL)2 be changed to allow only 1OuA of leakage current to be available on the chassis or other exposed parts of electrocardiographic equipment under first-fault conditions. The ANSI standard allows up to 100 uA of leakage current. In supporting this argument the authors make several errors.
In the opening paragraph the authors state, "To our knowledge, practically all manufacturers of ECG equipment sold in the United States now follow the recommendations." This is not at all true in terms of chassis leakage current. The reference the authors cite to support this claim3 presents the chassis leakage data only in a very general manner. In this compilation of specifications of various types of electrocardiographic apparatus, only an average value of chassis leakage current is presented for all models as a group for each manufacturer. In addition, all types of such equipment are lumped together, including portable ECGs, central station recorders, oscillographic recorders and bedside modules.
The authors of this report3 also clearly state in note 4 of their In the third paragraph the authors state: "However, the maximum leakage current allowable in ECG apparatus clearly must be lower than the minimal current needed to induce experimental fibrillation." This statement implies that leakage currents of more than 10 gA, which might be available from the chassis of electrocardiographic equipment meeting the ANSI standards instead of the AHA standards, could present a danger to the patient with direct intercardiac conductors. However, the authors do not present a discussion of the probabilities of this happening, nor do they present any evidence that the chassis leakage from an electromedical device meeting ANSI standards has ever produced ventricular fibrillation in clinical use. In fact, there have been no documented cases involving microshock fibrillation from an electromedical device with chassis leakage that met ANSI standards.
The authors also state, "Currents of this magnitude or less are considered safe even when applied directly to the heart, as occurs when ECG measurements are made with an intracardiac catheter or postoperatively with a wire conductor attached to the myocardium during surgery." This statement illustrates one of the major errors
